Ethical Energy and the Clean Electron by Trachtenberg, Michael C. & Hochman, Gal
Volume 25 Issue 1 Article 5 
1-1-2014 
Ethical Energy and the Clean Electron 
Michael C. Trachtenberg 
Gal Hochman 
Follow this and additional works at: https://digitalcommons.law.villanova.edu/elj 
 Part of the Environmental Law Commons 
Recommended Citation 
Michael C. Trachtenberg & Gal Hochman, Ethical Energy and the Clean Electron, 25 Vill. Envtl. L.J. 121 
(2014). 
Available at: https://digitalcommons.law.villanova.edu/elj/vol25/iss1/5 
This Article is brought to you for free and open access by Villanova University Charles Widger School of Law Digital 
Repository. It has been accepted for inclusion in Villanova Environmental Law Journal by an authorized editor of 
Villanova University Charles Widger School of Law Digital Repository. 
2014]
ETHICAL ENERGY AND THE CLEAN ELECTRON
MICHAEL C. TRACHTENBERG* & GAL HOCHMAN**
I. BACKGROUND
A. The Role and Importance of Energy
Societies grow by amassing the work product of individuals by
means of their own labor (with appropriate tools), by their labor
augmented by that of other group members, by animal labor or by
their work effort via exogenously powered machinery, and, presum-
ably in the future, by the action of machinery largely alone. The
historic and ongoing change in work product generator from
human to machine as driven by technology, most importantly the
industrial revolution and now the computer/information revolu-
tion. An obvious result is the change in importance from food en-
ergy to fuel energy. However, the competition for critical resources
does not change. Energy is central to life and to the maintenance
and growth of human society; while it is necessary, it is not suffi-
cient. Access to and control of minerals and water (the near-univer-
* Dr. Trachtenberg is a scientist, serial entrepreneur, and inventor. He cur-
rently manages Strategic Critical Thinking, a systems level analysis firm, and
Greenhouse Gas Industries (GHGI), a green energy development organization.
One GHGI focus is on promoting green electrification. Previously he was CEO of
Carbozyme, Inc., a company that designed and developed novel technologies for
carbon capture from flue gas. He was Vice President of Research and Develop-
ment at NeuroGenesis, a company that designed and manufactured neutracueti-
cals to deal with issues of drug addiction and abuse. Trachtenberg has held
appointments in Neurology and Neurosurgery at Harvard Medical School, Boston
University School of Medicine, and The University of Texas Medical Branch. He
has published over 120 articles, abstracts, reviews, books, etc. and he holds numer-
ous patents.
** Gal Hochman is an Associate Professor in Agricultural, Food, and Re-
source Economics. Dr. Hochman received his Ph.D. in Economics at Columbia
University in 2004. While coming out of his Ph.D. he focused on international
trade agreements and crony capitalism, the stay at UC Berkeley introduced him to
energy and agricultural biotechnology. Dr. Hochman's current work focuses on
the political economy of fuel policy, the economics of petroleum refineries, the
economics of renewable energy, energy efficiency, as well as agriculture biotech-
nology. His research shows the importance of modeling OPEC as a cartel-of-na-
tions and identifies key factors affecting fuel policy. Dr. Hochman's work also
quantifies the importance of inventories in the 2007/08 food-commodity price
spikes. His work on energy, trade, and the environment shows that allocation of
rights among different entities along the supply chain has distributional impacts,
which can become a stumbling block to a climate agreement. Dr. Hochman
presented his work in numerous conferences, including AEA, AAEA, USAEE,
IAEE, AERE, EAERE, ACS, among others, and is currently the chair of C-Fare:
Energy Panel.
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sal solvent and reactant) are also of critical importance. Most
importantly, a multitude of biological and chemical operators is
needed to transform these resources into viable product.
B. Energy Sources and Transformation
Energy divides into two categories - food to support biological
organisms and fuel to power non-biological apparatus. These two
classes can interface, for example, in the manufacture of foods by
use of fertilizers, derived from non-food fuels, to stimulate plant
growth, the work product result of farming. The overwhelming
fraction of energy derives from the sun by means of photons, gravi-
tational forces, and geothermal energy. Figure 1 illustrates the cap-
ture of energy from primary sources and its use in generating a
work product. Societal growth requires a constant increase in and
renewal of the work product.
FIGURE 1. Relationship between energy, by source, and societal
growth. Growth requires an ongoing stream
of new energy supplies.'
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Raw current energy is either used immediately and locally,
transformed for distribution and immediate use, or stored for later
use. The transformation is into energy carriers that fit the demand
requirements. Energy storage occurs for on demand use at a differ-
1. Dr. Michael Trachtenberg (created for use herein).
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ent time or place from that of production. A well-defined trans-
formative regimen is followed to achieve these ends.2 The principal
options for stored energy are in the form of chemical bonds, e.g.,
fossil fuels, or potential energy (anti-gravity storage), e.g., naturally
occurring lakes or man-made dams. These fuels are ultimately con-
verted to photons (light), electrons (electricity), mechanical mo-
tion, or heat.
Plants are the primary transforming agent for food, which is
then used directly, processed industrially, or provided to animals
for bioprocessing, which in turn may then be used or processed
industrially.3
FIGURE 2. Sequential transformation and distribution
of energy carriers.4
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Joseph Tainter wrote, "Energy has always been the basis of cul-
tural complexity and it always will be.""5 Large quantities of energy
are not only needed, but must appear to be very economical.6 For a
society to grow, energy and its derivatives - food, fuel, and water -
2. See Figure 2.
3. Industrial is taken to include artisanal.
4. Dr. Michael Trachtenberg (created for use herein).
5. JOSEPH A. TAINTER, COMPLEXITY, PROBLEM SOLVING, AND SUSTAINABLE SOCIE-
TIES (1996).
6. For further discussion, see infra Part IV: Subsidies and Externalities.
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must be, or at least appear to be, relatively cheap, abundant, relia-
ble, and trustworthy. These requirements drive economic, techno-
logical, and ultimately, political decisions. This means that
economic policies must be adjusted by means of political decisions
to this end, i.e., by subsidies or tax policies, insurances, and re-
search and development funds, and may need to be delivered in
complex and obscure manners to transfer and diffuse burdens and
costs.
II. THE FUNDAMENTAL DECISION: THE DYNAMICS OF ENERGY
FORMS, TRANSFORMATION, AND DELIVERY
The 2010 world energy mix of primary energy, by fuel, con-
sisted largely of fossil fuels (oil, coal, and gas) at 81.5%, renewables
at 12.5%, and nuclear at 6%.7 In the developed world, to an over-
whelming degree, these supplies were transformed and delivered
from centralized, heavily industrialized sources coupled with widely
dispersed distribution by the grid, rail, ship, pipelines, and tanker
trucks. Logically the structure is a one-to-many pattern. These
modes developed from the mid- to late nineteenth century through
the late twentieth century and are now strongly ensconced.
Significant changes in energy production, delivery, and use are
underway. These are termed "transition fuel" and "transition dy-
namic." The transition fuel model is simple. It retains the existing
infrastructure model of centralized generation and radial distribu-
tion replacing coal, and to some extent diesel, with natural gas, thus
labeling natural gas as the transition fuel. The implication is that
the new natural gas power plants that will be constructed to enable
this transition will be abandoned in thirty years or less in favor of
green energy, despite historic evidence to the contrary and indica-
tions that these modern plants will have a lifetime of at least sixty
years.
Transition dynamic is a paradigmatic cultural change. The
new paradigm has three elements. The first is a change from cen-
tralized, industrialized production to massively parallel generation,
primarily of electricity and heat. The second is from a centralized
radial distribution to a peer-to-peer format, largely in the form of
electricity. The third is from brown and red to green fuels, i.e.,
from stored to current energy production and from hydrocarbon-
rich fuels to hydrocarbon-free fuels.
7. IEA, WORLD ENERGY OUTLOOK (2012).
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This type of change is one that has played out many times pre-
viously, e.g., in railroads, intracity transport, oil and gas, shipping,
automobile manufacture, and biological expansion, to identify only
a few such examples. The initial flowering of many providers and
formats is followed by consolidation and centralization.
An appreciation of the cost/benefit and risk/reward aspects of
this paradigm change requires a full accounting of all energy re-
lated costs. Multiple life cycle analyses would include those for en-
ergy and for economics where all subsidies and externalities are
taken into account, e.g., an ELCA (energy life cycle analysis), an
LCOE (levelized cost of an EROI (energy return on investment), as
well as an economic return on investment. These have to be inte-
grated by type and over time on a rolling basis because of the life-
time of large industrial equipment.
These options would be considered in a matrix that defines
opportunities, constraints, and boundary conditions through multi-
ple lenses: technology, i.e., capability; economics, i.e., asset risk and
reward; politics, i.e., class and value; and society, the immediate and
fluid zeitgeist. However, the presentations are a rhetorical mix and
match of arguments derived from each of these domains towards a
pre-determined outcome. Below we will try to provide an agnostic
understanding of principal issues involved in enacting the transi-
tion dynamic.
2014] 125
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III. THE ENERGY MAP: ENERGY FoRms
FIGURE 3. A fuel map showing categories, types,
& products of concern.8
Figure 3 is an energy map that illustrates the concepts ad-
vanced in this article. These energy categories are competing tech-
nically, economically, and politically. So too is the issue of new
installs versus extension and improvement of the installed base.
Conceptually, energy forms are divisible into three categories
that we term red, brown, and green. Red refers to fissile energy
derived from nuclear decay where the heat associated with decay is
used to transform water to steam that drives a turbine to yield elec-
tricity. Brown refers to hydrocarbon based fuels, both fossil and
current production, where combustion (oxidation) of the carbon-
hydrogen bond yields carbon dioxide (C0 2 ), water vapor (H2 0),
and heat, the last of which is used to convert water to steam that
8. Dr. Michael Trachtenberg (created for use herein).
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drives a turbine and generates electricity.9 Green refers to a wealth
of technologies whose mechanical or electrochemical force can
yield electrons (electricity) directly. Examples include wind, solar,
wave, and geothermal. Green energy can also be used to produce
hydrogen as an energy carrier. For many green energy forms, sec-
ondary storage is needed to manage the rate and timing of delivery
to conform to human needs and demand. Secondary storage ex-
amples include damming water, air pressure, flywheels, batteries,
and hydrogen.
A. Red Energy
Red energy, which was the dream of the post-World War II
atomic efforts,10 faces a number of difficulties in further implemen-
tation. One is the detailed certification process that results in an
eight to ten year build cycle despite efforts to reduce the time and
cost. Disposing of the once-through spent fuel is politically mired.
Regeneration would be needed for large-scale implementation, as
there is an insufficient quantity of primary fissile material available
to satisfy growing electricity needs, particularly if nations in need of
electricity were to install nuclear power. Moreover, regeneration
presents significant concerns of nuclear proliferation. Cost compe-
tition by natural gas is a construction impediment. Fear of "China
Syndrome" events, as exemplified by Chernobyl and Fukushima
Daiichi, loom large in the collective consciousness.
Finally, there are the concerns of the International Atomic En-
ergy Agency (IAEA), as the IAEA states that it can account for only
99% of the fissile materials currently in play (including in heavily
westernized, democratic countries). If generation of electricity by
atomic energy were to become widespread, this would mean that
590kT of fissile materials could not be accounted for. In a heavily
populated metropolitan area, New York for example, a 1kT suit-
case-sized weapon could kill 40,000 people. 1 Today, there are 422
cities worldwide with populations of more than one million people.
9. Fuel cells oxidize without combustion and use electron transfer for direct
production of electricity eliminating the thermal expansion-steam step. Depend-
ing on the fuel cell, CO2 can still be produced.
10. See, e.g., PHILIP K. DICK, Project Plowshares, in WORLDS OF TOMORROW (Nov.
1965 &Jan. 1966).
11. Robert J. Goldston, Climate Change, Nuclear Power, and Nuclear Proliferation:
Magnitude Matters, 19 Sci. GLOBAL SEC. 130 (2011), available at http://scienceand
globalsecurity.org/archive/sgsl9goldston-app.pdf.
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In sum, the red energy option is problematic as a future energy
source, in spite of newer, more secure, and smaller designs.12 In
terms of research and development subsidies, nuclear fission has
been the largest recipient for a very long time. For example, in
International Atomic Energy (IEA) countries in 2005, nuclear fis-
sion received 33% of all fuel related monies: $3,168,000 of a total of
$9,586,000. In earlier years the fraction was far greater - up to
63.5% worldwide and 45% in the United States in 1975.13
B. Brown Energy
Brown energy sources are those that, at present, extract energy
by combustion releasing heat. 14 This is achieved via external com-
bustion (fire) or internal combustion engines. Natural gas fuel
cells can produce electricity by capturing the electrons released
during oxidation to yield CO2 and H2 0 without the accompanying
pollutants common to air or oxygen combustion. Currently, their
presence in the market is nominal, but they may represent a future
opportunity if the CO 2 problem can be managed.
Brown fuels divide into those created long ago (fossil) and
those created today (current). Fossil fuels include coal in all of its
ranks (from peat to anthracite), crude oil and all of its refined
products, raw natural gas from wells and subsequent to hydraulic
fracturing and its extracted products, the most evident being meth-
ane, and the newly harvested natural gas clathrates (frozen ice
mixes of seawater, often carbon dioxide and methane available on
the seabed). Current brown energy includes wood, dung, and cur-
rent biofuels.
No matter the source, combustion of these materials results in
the release of some or all of the following pollutant products:15 car-
bon dioxide (CO2 ), nitrogen oxides (NOx) (from the nitrogen in
the air), sulfur oxides (SOx) (from the sulfur in the coal), aerosols,
particulates, ash, mercury, arsenic (the metals being in the coal),
and various volatiles. Some fuels, such as methane, are cleaner
than others, e.g., coal, in terms of emitting fewer pollutants. While
there is considerable difference in the specific pattern of pollutants
between one fuel and another, every brown fuel releases materials -
12. See, e.g., Small Modular Reactors, BABCOCK & WILCOX Co., http://www.
babcock.com/nuclear-energy/Pages/Small-Modular-Reactors.aspx (last visited
Dec. 20, 2013) (describing mPower reactor).
13. WORLD NUCLEAR Ass'N, http://www.world-nuclear.org/ (last visited Dec.
19, 2013) (providing various facts, figures, and charts on nuclear energy).
14. Combustion is oxidation of hydrocarbons to CO2 and water.
15. See Figure 3.
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many of which are greenhouse gases (GHGs), meaning they trap
heat warming the planet and provide acid gases that acidify the
ocean. Regulatory agencies impose limits to the release of some of
these components at present. CO 2 is not currently regulated in the
United States, though the Environmental Protection Agency (EPA)
promises regulations by 2016. Similarly, there are no regulations
concerning unburned (leaked) methane which, as noted, is about
thirty-four times more potent a GHG than CO, (the exact value de-
pends on the presumed lifetime). Regulations have been pro-
posed, but not enacted.
One argument made in favor of current biofuels in preference
to fossil fuels is that plants consume CO 2 during the growth process.
While this is true during the day, the issue is the quantitative values.
Wood, for example, has a fifty-year recovery period as a new tree
grows to capture the amount of CO2 released during combustion
(not to mention release of other pollutants). Although plants con-
sume CO2 , harvesting of the energy feedstock and the use of the
plant's starch and sugar to produce ethanol consumes energy. De-
watering is one example of an energy operating expense that needs
to be accounted for. Many other examples exist. Thus, regulatory
tools for all fuels (red, brown, or green) need to provide a level
comparison. A "well-to-wheels" assessment is needed. Accepting
LCA as a major regulatory tool to calculate GHGs, the challenge is
to use economic analysis to evaluate the various indirect effects
such as indirect land use changes.' 6
1. Brown Energy Pollutants and Responses
Apart from combustion derived pollution, brown fuels (fossil
fuels in particular) present three other problems. The first is the
immediate environmental damage by activities such as mountain
topping and the creation of waste and tailings ponds. The second
is leaks and spills, these being more common in oil and gas, but
coalmines are a major methane leak source. (So too are fields, par-
ticularly rice paddies.) In view of the excitement about hydraulic
fracturing to produce shale natural gas, the issue of gas leakage be-
comes very meaningful. This is due to the strong multiplier of
methane versus CO2 as a GHG, about thirty-four times (or more
depending on the timeline selected). Further, leakage along the
cement shell of the drill core increases with age as the cement de-
16. See David Zilberman et al., The Impact of Biofuels on Commodity Food Pices:
Assessment of Findings, 95 AM. J. AG. ECON. 275 (2012) (summarizing research on
relationship between food and fuel markets).
2014] 129
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grades. A third issue deals with the energy and pollution cost of
acquisition, a problem particularly evident in the Alberta tar sands.
Here, as in many other situations, the economic metric is out of
register with the energy and environmental degradation metrics.
The current paradigm response to brown fuels explained in
this article is presented in terms of the ready availability, high en-
ergy density, incorporation into the energy fabric over the last 175
years, and support of an ever growing population. This under-
standing is framed in terms of current human demand versus the
GHG and pollutant damage, both current and future.17 In this un-
derstanding, some of the questions that emerge are of two types -
enabling and strategic each directed towards the goal of minimiz-
ing adverse impacts on humans, other animals and the overall envi-
ronment. The enabling issues are technical and economic, i.e., can
we do it? The strategic issues are political, i.e., should we do it?
In view of the breadth and complexity of the subject we will
limit ourselves to a few issues: Can coal be cleaned? Is carbon cap-
ture a viable and wise approach? Is natural gas a viable substitute
energy form? Are biofuels a reasonable alternative?
2. Clean Coal
Coal can be used under one of three regimens to produce elec-
tricity: (1) pre-combustion where hydrogen is extracted and carbon
stored,18 (2) oxy-combustion where coal is burned in relatively pure
oxygen instead of air which eliminates the NOx otherwise formed,
the other pollutants remain, and (3) post-combustion where some
of the many combustion products are filtered, reacted, or ex-
tracted. SOx, NOx, and particulates are regulated to some extent
under parts of the Clean Air Act and its amendments. The EPA is
revising these standards to include mercury, reduce particulate size
and concentration, and introduce CO2 capture above certain values
such that the new regulations will have a strong impact on coal
plants and some older, inefficient natural gas plants, but not on
newer natural gas combustion electricity generators. At present,
the vast majority of power plants are of the coal-fired, post-combus-
tion type.
Technologies exist to achieve capture of each of these pollu-
tants. However, CO2 capture is not energy or cost efficient. The
17. ANDREw T. GUZMAN, OVERHEATED: THE HuMAN COST OF CLIMATE CHANGE
260 (Oxford Univ. Press 2013).
18. Clean coal, e.g., Department of Energy Future Gen, now Gasification Sys-
tems Program.
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combination of these regulations, their inherent cost increase, the
greater efficiency of natural gas fired plants, and the recent low cost
of natural gas is driving power producers away from coal and to-
wards natural gas. Ultimately, when regulations are extended to
natural gas CO2 emissions, the cost will be much higher because the
feed CO concentration is about three-and-one-half times lower.
This decrease in CO 2 concentration makes capture that much more
difficult, though certain other pollutants are also absent, e.g., SOx,
particulates, and ash. These regulations are enabling natural gas.
3. CO 2 Capture ftom Coal Combustion: Costs and Benefits
Many technical, economic, political, and social questions arise
with regard to "carbon capture."' 9 Carbon Capture and Use or
Storage (CCUS, the current embodiment of CCS), as applied to
post-combustion streams, means the separation and enrichment of
CO, from a mixed (flue) gas stream, followed by its compression
and pipelining to a selected geologic storage site or its conversion
(use) to some other beneficial form.
Many issues involved require elucidation: how much CO2 will
be captured? How much will it cost directly and indirectly? How
long will it take to implement? How does this timeline compare
with that of coal availability lifetime? How is the CO2 captured, dis-
posed of, and stored?
In the first step, CO 2 capture (separation and purification)
technology is complex and does not exist in isolation. SOx and
NOx levels have to be lowered significantly from current regulated
values not to interfere with the carbon capture process. The capital
equipment will cost hundreds of millions of dollars for each plant;
the exact amount depending on the emission profile, the methods
selected, and the volume of the emission stream. The additional
cost for installation of cleanup equipment on a pulverized coal
plant is almost 83% coupled with a 30% decrease in performance
and an operating cost of forty to sixty dollars per ton of CO 2 cap-
tured. The process has two elements - (1) extracting and enrich-
ing the CO2 from the flue gas stream and (2) then compressing it to
19. See HELEEN DE CONINCK ET AL., ENERGY RES. CTR. OF THE NETHERLANDS,
ACCEPTABILITY OF CO 2 STORAGE: A REVIEW OF LEGAL, REGULATORY, ECONOMIC AND
SoCIAL ASPECTS OF CO 2 CAPTURE AND STORAGE 1 (2006), available at http://www
.ecn.nI/docs/library/report/2006/cO6026.pdf (analyzing non-technical aspects of
carbon capture and storage).
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about fifteen megapascals (MPa) (-2200psi) for pipeline
transport.20
The IEA calculates that by 2050, the effective reduction in CO2
emission by CCS would be, only, nineteen percent.21
The second step is development of a pipeline system
equivalent in scale to that put in place over the last thirty-five to fifty
years to transport natural gas, to now transport this high-pressure
supercritical CO2 (SCCO2) - less than fifty-two thousand kilometers
(-32.6 thousand miles) with a twenty-five year installation period.
The third step is geological storage of the SCCO2. Geological
sites can be abandoned salt domes, abandoned or active oil or gas
wells, or deep saline reservoirs. Salt domes are empty, making addi-
tion of SCCO2 non-problematic. For oil and gas wells, the produc-
tion of new hydrocarbons is considered beneficial and in line with
existing applications. Saline reservoirs differ because they are al-
ready filled with water that must be displaced. Oil and gas now
displaced leave a void volume for the SCCO2. This huge volume of
water must now go somewhere and do so without trespassing on or
damaging someone else's property or economic interests. Next,
the SCCO2 has to remain in place for ten thousand years without
significant, or at least controlled migration and without leaking
back to the atmosphere. Current concretes used to complete wells
have been demonstrated for about fifty years. Lastly, there is the
issue of long-term responsibility as the stored SCCO2 is supposed to
remain "bottled up" for eons. Companies are negotiating to limit
their liability to a decade with the state assuming responsibility
thereafter - a dramatic example of privatizing profits and social-
izing costs. 22 Not only has no company existed for the requisite
period of responsibility, but also neither has any government.
While posting a bond would be beneficial, the reality is that, like
nuclear wastes, we humans have never faced a problem of this kind
before.
Yet another issue is the transactional costs, as the contentious-
ness of this solution promises to be of the same order as the storage
of nuclear waste. It needs to be included in the LCA at full and
worst case cost.
20. Supercriticality occurs at lower pressure - 7.39MPa, 304.25K - but pipe-
line companies demand supply to the network that satisfies their operational
needs.
21. RD&D Statistics, INT'L ENERGY AGENCY, http://www.iea.org/stats/rd.asp
(last visited Oct. 28, 2013). The lEA calculated this figure in 2011. Id.
22. For further discussion, see infra Part IV: Subsidies and Externalities.
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One final issue is that of social acceptance of CO 2 storage. Al-
though scientific studies indicate that there is sufficient capacity to
store CO 2, social acceptance studies worldwide indicate a mixed bag
based on lack of information and distrust for industry.2 3 Public
opinion may change, but it will do so slowly.
4. Carbon Capture vs. Coal Lifetime
How does the time to implementation compare with the re-
serve life of coal? According to the BP Statistical Review of World
Energy 2011, the world contains about seventy-seven years of coal at
current consumption rates. Academic predictions tend to be
shorter by about one-third while coal industry predictions longer.
If we assume that carbon capture will not begin in earnest until
2025, that leaves sixty years of coal and likely fifty years to imple-
ment the capture process to a large measure in the developed and
rapidly developing countries. Allowing that newly installed coal
plants may be more amenable to carbon capture structurally and in
terms of available land, under positive assumptions, perhaps 25% of
the coal-based carbon could be captured by 2075. The base emis-
sions contribute about one-third of all CO2 released; thus, world
CO2 emissions could decline by 8% assuming, quite incorrectly, no
growth in transportation-related CO2 by direct tailpipe emissions or
indirect grid-based emissions. As noted, the overall benefit would
be about a 19% decrease in CO2 emissions.
5. Conclusions Regarding CCS from Coal Combustion
In our view this is an unwise activity. We reach this conclusion
for the following reasons: (1) CCS will be technically difficult, eco-
nomically costly, and socially disadvantageous, (2) capture pre-
serves coal-fired heating when alternatives, such as natural gas or
green energy, could displace coal making it obsolete without the
CCS effort and do so all the more quickly as subsidies disappear
and externalities internalize, (3) coal reserves will expire by the
time the CCS is completed, and (4) technologies may be in the
offing to remove the CO 2 at a far lower cost without the current
energy penalty and without the need for pipeline or storage.
23. Nicole M.A. Huijts, Cees J.H. Midden, & Anneloes L. Meijnders, Social
Acceptance of Carbon Dioxide Storage, 5 ENERGY POL'Y 2780 (2007) (discussing public
approval of carbon capture and storage).
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6. Natural Gas
Natural gas is a complex mixture of gases; the most common of
which is methane that is extracted, cleaned, and pipelined under
the name "natural gas." Methane is released from multiple sources
that divide into at least four categories, though substantial variation
exists in the reported distribution and even in the categorization.
The U.S. EIA reports the division as agriculture (31%), waste
(29%), industrial process (1%), and energy sources (40%). Other
sources attribute as much as 7.7% to insects. All of these emissions
are subject to human activity, whether in the short run or the long.
Four sources that have received much recent attention, in part be-
cause of their sudden increase, include: traditional gas wells where
a bubble of gas is trapped in a geologic formation and can be
tapped by simple drilling; shale gas where the natural gas trapped
between layers of flat sediments is extracted by means of hydraulic
fracturing; deep sea methane clathrates, a frozen slush of methane,
seawater and sometimes CO2 that can be recovered from the sea
floor; and surface releases as from melting tundra and also
coalmine mouths.
Hydraulic fracturing, or "fracking," is recently under intense
development. It uses horizontal drilling, a technology developed by
the oil exploration industry wherein the drill is rotated under-
ground from the vertical to the horizontal, with the opportunity to
create radial bores much like a tree root. Shale being laid down in
flat laminae is readily separated when water (with proprietary
fluids) and sand are injected under high pressure. The sand keeps
the cleats open and allows the gas to flow along the free path.
7. Natural Gas Transition Fuel
Natural gas is represented as the transition fuel between coal
and green renewables. The potential replacement of coal, or even
oil, by natural gas rests on the following arguments:
(1) Availability: Consequent to fracking, gas is now readily
available and will be so far into the future.
(2) Price: Because of its availability, it is cheap.
(3) Compatibility: It is produced, distributed, and used by
demonstrated and widely applicable technologies.
(4) It can be used to provide as much electricity as needed
under all circumstances, 365/24/7. On combustion it re-
leases about half the CO 2 as does coal, and no SOx (as the
sulfur was removed during refining), or particulates or
heavy metals.
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(5) Natural gas can replace oil products for many of the same
reasons even if its CO2 output is not quite as beneficial.
Emphasis is on long haul trucking as diesel combustion
still yields considerable levels of SOx. There is also some
interest in the use of natural gas for passenger and light
truck vehicles (Class I).
The principal argument to counter these benefits deals with natural
gas leakage, a subject discussed below.
Currently, the United States is the world leader in the requisite
fracking technology and also has extensive shale deposits. As a con-
sequence, the volume of natural gas available has increased, the
price has decreased, and, as described above, the increased costs
imposed upon coal-based electricity have also gone up; thus, instal-
lation of new natural gas-fired electric plants is on the rise. Another
benefit is that the CO2 output per Megawatt (MW) is about half for
natural gas versus coal, a great advantage.
However, some small fraction of natural gas wells leak. This is
due to poor completion of the cement work, to shifting of the earth
cracking the cement sleeve, or to degradation of the cement sleeve
over time. The ongoing replacement of wildcatters with established
oil and gas companies means that their better skills and improved
technologies will reduce leakage. Most important, however, is
ongoing monitoring of the wells during and after their installation.
There are now 482,822 producing natural gas wells in the United
States, not counting the number of completed or abandoned
wells. 24 Z Magazine summarizes sources reporting about two and a
half million abandoned wells in the United States and tens of mil-
lions internationally.2 5
This observation is critical to any argument in favor of natural
gas as on a CO 2 pollution basis, to the extent that natural gas leak-
age can be controlled to below 3.6% it is suitable as a coal replace-
ment.26 If it can be reduced to less than 1.5%, natural gas becomes
a reasonable replacement for transport fuels.
24. Natural Gas: Number of Producing Gas Wells, ENERGY INFO. ADMIN. (Dec. 12,
2013), http://www.eia.gov/dnav/ng/ng-prod-wells-sla.htm.
25. Steven Kotler, Abandoned Oil and Gas Wells Are Leaking, Z MAG., 41-43 (Apr.
2011), available at http://www.zcommunications.org/pdf/issue/154/04-11-ZMag-
AllPages-PDF-LoRes.pdfP1301833591 (warning of environmental dangers caused
by uncapped oil and gas wells).
26. Ram6n A. Alvarez et al., Greater Focus Needed on Methane Leakage from Natu-
ral Gas Infrastructure, 109 PNAS 6435 (2012), available at http://www.pnas.org/
content/109/17/6435.full.pdffml (discussing consequences to climate from using
natural gas for electric power and transportation).
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FIGuRE 4. Electricity from renewable sources in some developed
nations. Table on left is re-represented as a radar graph
on the right.2 7
Country Non- Renewvale
Renewable_
Israel 1% 99%
France 12% 88%
United States 13% 87%
Germany 21% 79%
Spain 30% 70% 4
Denmark 40% 60% ca. C
Portugal 47% 53%
Sweden 55% 45%
Canada 63% 37% s..
Norway 97% 3%
Iceland 100% 0% sema
In contrast, the EPA has released a report that revises emis-
sions downward.28 The reality is that in the absence of a detailed,
time consuming, and expensive evaluation, the information availa-
ble on the number of leaking wells or the amount of natural gas
that is leaking is grossly inadequate.
8. Biofuets
Biofuels exist in myriad forms, each with its own unique car-
bon budget. We will focus on three: ethanol from sugar cane, etha-
nol from corn, and biodiesel from algae.
Brazil has been eminently successful in its sugar cane to etha-
nol project. The net carbon cost is about 40% to 60% that of fossil
fuels.29 Efforts in Brazil have shown that sugar-ethanol is efficient
and can be used to fuel more than 50% of their domestic car fleet,
27. Dr. Michael Trachtenberg (created for use herein and deriving
underlying data from How Much Electricity Comes from Renewable Sources, N.Y. TIMES
(March 23, 2013), http://www. nytimes.com/interactive/2013/03/24/sunday-
review/how-much-electricity-comes-from-renewable-sources.html?_r=1&&gwh=
CDA2F731E233915E8AEEC3942AE12C76&gwt-pay; World Energy Outlook 2012,
INT'L ENERGY AGENCY, http://www.iea.org/publications/freepublications/publica
tion/English.pdf).
28. *UPDATE* EPA's Massive, Downward Revision of Methane Emissions, ENERGY-
INDEPTH (Apr. 28, 2013, 6:56 PM), http://energyindepth.org/national/epas-
massive-downward-revision-of-methane-emissions/ (analyzing EPA's finding that
methane emissions have steadily declined since 1990); Overview of Greenhouse Gases:
Methane Emissions, ENvrL. PROT. AGENCY (last updated Sept. 9, 2013), http://www
.epa.gov/climatechange/ghgemissions/gases/ch4.html (providing various facts,
figures, and charts on methane emissions).
29. Franceso Cherubini & Anders H. Stromman, Life Cycle Assessment of
Bioenergy Systems: State of the Art and Future Challenges, 102 BIoREsouRCE TECH. 437
(2011), available at http://faculty.washington.edu/stevehar/Cherubini%20LGA
.pdf (discussing recent LCA bioenergy studies).
16
Villanova Environmental Law Journal, Vol. 25, Iss. 1 [2014], Art. 5
https://digitalcommons.law.villanova.edu/elj/vol25/iss1/5
ETHICAL ENERGY AND THE CLEAN ELECTRON
and that its GHG emissions are similar to that emitted when corn-
busting natural gas. Further, using sugarcane co-product - bagasse
- to produce electricity results in even better outcomes.
The United States, in 2005, and later in 2007 under President
George W. Bush, enacted the U.S. Energy and Security Act to man-
date the use of ethanol, including first-generation corn-ethanol.
That program has come under significant criticism due the low effi-
ciency conversion of corn to ethanol and to the overall energy costs
of this approach. The net energy ratio of corn-ethanol ranges from
1.29 to 2.23.30
Algae, green or blue-green, have been the hope for current
biofuel production since the launch of the Aquatic Species Pro-
gram in 1978. Substantial efforts have gone into genetic engineer-
ing, process engineering, and product utilization in order to
attempt to make a profit from a commodity product. One key idea
has been to offset the inadequate price for biodiesel by selling
other higher value chemicals. Unfortunately, the vast differences in
market size for fuels versus specialty chemicals, pharmaceuticals, or
other ancillary products have vitiated this argument. Several com-
panies, e.g., Sapphire Energy, are trying to incorporate best prac-
tices from a variety of industries to maximize yield of cells and
product and minimize costs. Large-scale algae, sufficient to elimi-
nate United States crude oil imports, would require a land area
comparable to that currently used for wheat and will include signifi-
cant capital investment to establish the ponds, the harvesting, and
processing structure. In addition, the water operating expense will
be substantial and challenging per a change in precipitation
patterns.
Biofuels have the potential to contribute to the energy mix,
and to provide local solutions in some regions but not others. How-
ever, current generation biofuels are not carbon neutral and first-
generation, corn-based biofuels contribute to food commodity
inflation.
9. Summary
With regard to brown energy, primarily fossil fuels taken as a
whole, CCS is best understood as "closing the barn door after the
30. Adam J. Liska & Richard K. Perrin, Indirect Land Use Emissions in the Life
Cycle of Biofuels: Regulations vs. Science, 3 BiomFUis, BIOPRODUcrs & BIOREFINING 318
(2009) available at http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1 1
43&context=biosysengfacpub (examining unforeseen effects caused by growth in
biofuel industry).
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horse has bolted." It is expensive, long in coming, completed after
fossil fuels have been severely decreased, if not exhausted, and it
leaves the taxpayers with an unending liability and responsibility.
Biofuels, while preferable to fossil fuels, are competing with natural
gas as the would-be transition fuel. They provide modest gain and
are also sorely taxed by the availability and cost of natural gas.
Overall these are problem areas that are best avoided than be
subject to piecemeal and ever ongoing successive efforts to re-cork
the bottle. As Montaigne pondered in 1580, is the game worth the
candle?31 That we have been using fossil fuels over the last two
hundred and fifty years is no reason to continue. The issue of im-
portance is how to change and how to do so rapidly.
C. Green Energy
Green energy, in general the production of electricity without
production of GHGs or other pollutants, can be divided into two
groups: the 365/24/7 sources and the intermittent sources. It is
understood that any intermittent source can be made 365/24/7
with storage and any green energy source can be made "100% relia-
ble" should that be needed from peak supply by another green en-
ergy source, or by natural gas sources via combustion, or fuel cells,
or electricity from distant sites over the grid.
365/24/7 sources include geothermal, hydroelectric, space so-
lar, high altitude wind, osmotic reactions, hydrogen, and fusion en-
ergy. Intermittent sources include low altitude wind, solar, and
wave/tide sources (Fig. 3). Any of these can be used to generate
heat or electricity.
In the United States today, green renewable energy delivers
11.21% of all electricity - 460.33TWh. Onshore wind accounts for
119.75TWh (26% of renewable energy) and geothermal 16.7TWh
(3.6%), respectively. The relative fraction of electricity derived
from renewable sources in the developed world ranges from 1% to
100% and keeps increasing.32
The issue of green energy sources for electricity has profound,
indeed existential, implications for the energy industry. For elec-
tricity generators, it means a move from centralized, heavily indus-
trialized power plants to widely distribute, much smaller generators.
It also means massive devaluation of existing plants and facilities,
31. MICHEL DE MONTAIGNE, Of Presumption (1580), in ESSAYS OF MONTAIGNE
(William C. Hazlitt, ed., 1877) ("The game is not worth the candle.").
32. See Figure 4.
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particularly with regard to coal and older, less efficient units. In all,
green energy is a "transition dynamic."
Above, we discussed natural gas and biofuels as transition fuels.
However, the real competition is between these brown transition
fuels and the distributed green transition dynamic largely in the
form of solar and wind. The transition dynamic provides some anx-
iety for construction of natural gas power plants for as ever more
green energy comes online, the need for natural gas electricity will
be imperiled, meaning that the return on investment (ROI) may be
smaller than investors might hope for and the lifetime will be
curtailed.
It also means a complete and real break between power gener-
ation and transmission as the grid becomes the backup carrier for
widely distributed energy sources. More importantly, the grid will
move from being a few-to-many configuration (power plants to cus-
tomers) to a many-to-many, peer-to-peer structure whose income
stream has more statistical uncertainties.
For the oil and gas industry, it means, in part, a shift from
transportation to fixed-site generation (including natural gas power
plants) and a decline in mobile use of oil derived products. The
use of batteries as an energy storage device and the move to fully
electric vehicles will also have profound effects on the engine and
parts industries. The income and jobs implications are obvious.
These changes are as serious as the effect of kerosene on whale
oil or of electricity on kerosene for lamps. Figure 5 illustrates the
changes in primary fuel use in the United States since 1775. Each
of these changes came with substantial reorganization of jobs, in-
dustries, and municipal structure. The same will occur again.
The preferred strategy then is to embrace the transition dy-
namic and implement green technologies rapidly. Natural gas then
would be a bridge limited by the degree of leakage and with the
intent of minimizing the number of new installations to limit ex-
tended lifetime use. To this end, green energy sources should be
targeted to the most egregious coal-fired emitters with the goal of
closing these plants without the effort of imposing CCS.
One statement at the forefront of green energy discussions is,
where is the money that will be needed for the transition? A second
is the "philosophical" position that government should not "choose
winners and losers." In part, this is a statement about technological
development preferences, in part, it is related to the selection of
specific strategies and even specific fuels, and in part, to the fund-
ing of specific companies.
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Government is a catchall phrase applicable to multiple levels
and a diversity of departments, each acting somewhat autono-
mously. "Government" actually plays all three roles, as a seer, as an
investor, and as a customer. It is the best early stage investor availa-
ble and takes the greatest risks. All investors, short-term or long-
term, are obligated to try to select winners. Federal investment has
a hit rate about five times better than the average venture capitalist.
Government has long-term and strategic responsibilities and must
interact with other governments in ways that will come at the ex-
pense of given industries.
FIGURE 5. The prevalence of energy by time illustrates the
dynamic character of these markets.
Source: U.S. Energy Information Administration3 3
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IV. SUBSIDIES AND EXTERNALITIES: THE SOURCE OF THE FUNDS
A government commonly gives subsidies tojumpstart new tech-
nologies, for local trade protection and for jobs creation and con-
servation, though this last idea is somewhat quaint in this age of
globalization.34 As the technology matures it has a bad habit of be-
coming dependent on and demanding of its subsidies giving it a
distinct advantage over any new challenge. Typically, there is no
sunset to subsidies. Limits in measurement or in understanding
current or future impacts are often the start of externalities in the
form of pollutant emissions. Deleterious environmental processes
33. See Today in Energy, ENERGY INFo. ADMIN. (July 3, 2013), http://www.eia
.gov/today inenergy/detail.cfm?id=11951.
34. Direct Federal Financial Interventions and Subsidies in Energy in Fiscal Year
2010, ENERGY INFO. ADMIN. tbls. ES4, ES5 (2011) available at http://www.eia.gov/
analysis/requests/subsidy/ (providing facts and figures about energy production
and energy production subsidies in 2010).
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are often then dismissed as being critical to the use of the technol-
ogy or in trade for jobs, taxes, or local development. Once the ad-
verse effects become clear, imposing new standards is difficult
technically, economically, and politically.
The magnitude and types of subsidies and the effects of the
externalities is important to understand, as this is critical to address-
ing the concern about funds availability to subsidize the introduc-
tion of green energy. Table 1 provides a list of the dollar value of
subsidies and externalities relevant to fossil fuels worldwide and in
the United States. Worldwide, the combination of subsidies and ex-
ternalities is more than 5.4% of world GDP or 4.4 trillion dollars
while in the United States the fraction of GDP is only about 2.5% or
490 billion dollars. This is a sizable amount of money that could be
directed towards improving electric grids, making them smart, and
introducing a wealth of green energies. To appreciate the magni-
tude here, the World Bank has estimated that the cost of a "moder-
ate pandemic" could be 3% of world GDP or, in a serious outbreak,
5%, or 1.8 to 3 trillion dollars.35
TABLE 1. Fossil fuel subsidies and externalities, worldwide and
US.3 6
Worldwide US
Type $T/y % GDP $B/y % GDP
Subsidies 0.5-1.91 0.6-2.29 10-72 0.07-0.48
Externalities 2.63 3.13 345 2.3
Total 4.4 5.41 354-426 2.37-2.78
35. THE WoRLD BANK, Influenza A (H1N1) and Avian Influenza (H5N1) (2011),
http://www.worldbank.org/WBSITE/EXTERNAL/NEWS/0,,contentMDK231920
33-menuPK34480-pagePK64257043-piPK.437376-theSitePR4607,00.html.
36. Dr. Michael Trachtenberg (created for use herein and deriving
underlying data from IMF Sees Big Gains from Energy Subsidies Reform, INT'L
MONETARY FUND (Mar. 27, 2013), http://www.imf.org/exter-nal/pubs/ft/survey/
so/2013/INT032713A.htm; The Price of Oil: International Fossil Fuel Subsidies, OIL
CHANGE INT'L (2013), http://priceofoil.org/fossil-fuel-subsidies/international/;
The Price of Oil: Fossil Fuel Subsidies in the U.S., OIL CHANGE INT'L (2013), http://
priceofoil.org/fossil-fuel-subsidies/; GOOD & DeepLocal, Subsidize This, GOOD
INFOGRAPHICS (2012), http://awesome.good.is/transparency/web/1012/subsi
dize-this/flat.html; David Roberts, None of the World's Top Industries Would Be
Profitable if They Paid for the Natural Capital They Use, GRIsT (April 17, 2013), http://
grist.org/business-technology/none-of-the-worlds-top-industries-would-be-profit
able-if-they-paid-for-the-natural-capital-they-use/; Paul R. Epstein et al., Full Cost
Accounting for the Life Cycle of Coal, 1219 ANN. N.Y. ACAD. Sci. 73, 91 (2011); Hefty
Subsidies Prop Up Unsustainable Energy System, INVESTORIDEAS.COM (2013), http://
www.investorideas.com/news/2014/renewable-energy/01221.asp; World Energy
Outlook: lEA Analysis ofFossil-Fuel Subsidies, INT'L ENERGY AGENCY (2011) http://www
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Table 2 provides insights into subsidies for energy sources. It
shows that in the United States renewables have enjoyed subsidy
support of more than half of the total.
Table 3 examines the research and development support by
fuel type over the last 30 years. Over that period the lion's share of
research and development funding has gone to nuclear fission. In
2005 the fractions devoted to conservation, fossil fuels, and renewa-
ble combined were about equal and comparable to that for nuclear
fission - 3195 versus 3168.
The conclusion from these data is that the funds that are
needed for a rapid and dramatic switch from brown to green en-
ergy are available and their use would have no impact on the over-
all economy in the sort-term and significant benefit in the long-
term.
TABLE 2. Fuel-based subsidies for electricity production, 2010.37
Ile'neficiary Dirvct Tax R&lD Federal Loan Total Shar of Share of
Expense Expense Electricity Guarante Total Electicity
Support. Subsidies Gnrto
&Support1 210
Coal 37 486 575 91 0 1,189 10.0% 44.9%
Netral Ls 1 583 15 56 0 654 5.5% 25.0%
Nuclear 0 908 1,169 157 265 2,499 21.0% 19.6%
Renewables 4,178 1,347 632 133 269 6,560 55.3% 10.3%
Biomass 6 54 55 0 0 114 1% 1.4%
Geothermal 115 1 72 0 12 200 1.7% 0.4%
Hydropower 17 17 51 130 0 215 1.8% 6.2%
Solar 409 99 287 0 173 968 8.2% 0.0%
Wind 3,556 1,178 166 1 85 4,986 42.0% 2.3%
Uneocated 75 0 0 0 0 75 0.6% 0.0%
TDision 461 58 222 211 20 971 8.2% NA
Total 4,677 3,382 2,613 648 555 11,873 100% 100%
BROWN 44 1,123 645 147 - 1,957 16.5% 71.3%
RED 0 908 1,169 157 265 2,499 21.0% 19.6%
GREEN 4,172 1,295 576 131 270 6,444 54.3% 8.9%
.investorideas.com/news/2014/renewable-energy/01221.asp; Zoe Casey, Global
Fossil Fuel Subsidies Amount to $1.9 Trillion - IMF, EWEA (Apr. 3, 2013), http://www
.ewea.org/blog/2013/04/global-fossil-fuel-subsidies-amount-to-1-9-trillion-imf/).
Worldwide GDP is estimated to be $83.4061T. United States GDP was $14.99T in
2011. See, e.g., BEA, www.bea.gov.
37. Dr. Michael Trachtenberg (created for use herein and deriving
underlying data from Direct Federal Financial Interventions and Subsidies in Energy in
Fiscal Year 2010, supra note 34, tbls. ES4, ES5).
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TABLE 3. Expenditure by IEA countries on energy R&D.3 8
Year 1975 1980 1985 1990 1995 2000 2005
Conservation 333 955 725 510 1240 1497 1075
FosslFuels 587 2564 1510 1793 1050 612 1007
R5n8ables 208 1914 843 563 809 773 1113
Nuclear FLssio 4808 6794 6575 4199 3616 3406 3168
Nuclear Fusion 597 1221 1470 1055 1120 893 715
Other 893 1160 787 916
Total Energy R & D 7563 15034 12186 9394 9483 9070 9586
Total:Japan 1508 3438 3738 3452 3672 3721 3905
Total: w/o Japan 6055 11596 8448 5942 5811 5349 5681
V. GREEN ENERGY, GREENHOUSE GASES, GLOBAL WARMING, AND
GLOBAL CLIMATE CHANGE
Today, when the planet has exceeded the "threshold" of four
hundred parts per million (ppm) C0 2, and the CO 2 in the atmos-
phere will affect climate for the next thousand years, halfway mea-
sures are grossly insufficient.
We humans are at a crossroads and must decide the future not
only on the basis of technology or economics or psychology or even
the integral of these, but on the vision we see for the future, and we
must decide to get there with all deliberate haste. The crossroads
has two conflicting entry points and four candidate exit paths. The
first entry is the presence in the atmosphere of greater than four
hundred ppm CO 2 as well as enough CO2 in the atmosphere to
affect weather patterns for the next thousand years. This demands
remediation, protection, and accommodation to deal with the se-
quelae of processes already initiated. The second is the moral im-
perative to provide power to the millions of persons throughout the
world whose standard of living could be greatly improved by this
effort, in addition to the very significant profits to be turned by this
activity.
As to the paths forward:
(1) The first is business as usual (BAU), meaning more fossil
fuel power coupled with more subsidies and more
inefficiency.
38. Dr. Michael Trachtenberg (created for use herein and deriving
underlying data from IEA Energy Technology RD&D Statistics, OECD ILIBiARY (June
25, 2013), http://www.iea.org/stats/rd.asp).
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(2) The second, BAU-clean, meaning the effort to introduce
CCS to mitigate some of the worst abuses and major exter-
nalities of the current methods.
(3) The third, the transition, meaning substituting other, per-
haps less injurious, brown fuels (GHG and pollutant emit-
ting hydrocarbon-based fuels coupled with some reduction
in inefficiencies (Transition = BAU-lite)).
(4) The fourth is the transition dynamic path, the green fuels
low inefficiency path, i.e., non-GHG or pollutant emitting
energy sources such as wind and solar, etc. (re-envi-
sioning). This article argues in favor of the re-envisioning
Transition Dynamic approach and against Transition Fuel
and BAU-clean.
The World Bank is taking the long view in warning against the
election of short-term solutions that will have long-term conse-
quences when they speak to the issue of getting locked into unsus-
tainable energy paths:
Avoid getting locked into unsustainable paths [in order] to
generate immediate, local benefits.39
They shed light on the reality of human behavior, i.e., that
once established, a given solution attempts to be self-propagating
for a variety of emotional, political, and economic reasons, and thus
like an unwelcome houseguest, overstays its welcome. The un-
solved issue is how to readily sunset technologies (and their large
capital installations) that are no longer efficient or as efficient (in
the large sense) or beneficial as new entries to the market space.
The reason for this is that unlike biological organisms that are al-
ways a work in progress, businessmen and engineers seek perma-
nency in their capital goods and known processes. Rate of turnover
is a function of economics; cost versus funds availability, feature de-
sirability, and the number of independent (albeit influenced)
purchase authorities. It is also a function of regulations. In this
sense, the electron has no added features or benefits to distinguish
it when derived from one primary fuel source or another.
Short-term solutions are generally justified on one or more ra-
tionales that divide into anxiety reduction, via known approaches,
and anxiety increase, via new approaches. Some of the more com-
39. THE WORLD BANK, INCLUSIVE GREEN GROWTH: THE PATHWAY TO SUSTAINA-
BLE DEVELOPMENT 19 (2012), available at http://issuu.com/world.bank.
publications/docs/9780821395516 (emphasis added) (calling for sustainable
growth in developing countries while also preserving natural resources).
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mon "positive" rationales are: jobs are needed here and now, the
technology is known and available, the raw energy source is known
and available. The "negative" characterizations are the alternate
technology is unproven, uncertain, or incompatible with the re-
maining infrastructure, more expensive (in the short-term), and
disruptive. There are both psychological and economic reasons for
these orientations.
In view of these arguments, is the transition dynamic reasona-
ble and feasible?
Jacobson and colleagues recently published a plan to convert
New York State's energy infrastructure to electricity based on green
renewable energy sources. 40 Their data are summarized in Table 4.
Dramatic gains are visible in energy supply, job creation, public
health, and health care costs.
Germany, a country with only as many solar days as Seattle,
now derives twenty three percent of its electricity from solar, threat-
ening coal-fired power plants. How has this occurred? The key to
success of Germany's solar installation is enactment of a feed-in
tariff.41 This tariff forced utilities to buy solar electricity at retail
rates, thereby creating a green subsidy and guaranteeing an invest-
ment return for a prolonged period. With this guarantee, investors
devised clever schemes to promote installation. This change did
not occur overnight but over a twenty-five year period. Given the
current sophistication of green energy technologies, a comparable
change could occur in ten years.
40. See Mark Z. Jacobson et al., Examining the Feasibility of Converting New York
State's All-Purpose Energy Infrastructure to One Using Wind, Water, and Sunlight, 57 EN-
ERGY POL'Y 585 (2013).
41. See Staffan Jacobsson & Volkmar Lauber, The Politics and Policy of Energy
System Transformation - Explaining the German Diffusion of Renewable Energy Technology,
34 ENERGY POL'Y 256 (2006) (exploring growth of wind turbines and solar cells in
Germany). Several other countries have enacted feed-in tariffs with similar results.
Id.
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TABLE 4. Summary of the data from Jacobson et al., 2013.42
Under the plan, NYS's 2030 all-purpose end-use power wou Ibeprovided by-
SUPPLY TYPE PERCENT NUMBER DEVICE
Onshore wind 10% 4020 S-MW turbines
Offshore wind 40% 12,700 5-MW turbines
Concentrated solar 10% 387 100-MWplants
Solar-PV plants 10% 828 50-MW plants
Residential rooftop PV 6% -5 million 5-kW systems
Commercial/government rooftop PV 12% -500,000 100-kW systems
Geothermal 5% 36 100-MW plants
Wave 0.5% 1910 0.75-MW devices
Tidal 1% 2600 1-MW turbines
Hydroelectric 5.5% 6.61 300-MW plants*
*89% already exist
The benefits they report are:
* End-use power demand: Demand reduction by -37% cou-
pled with stabilized energy prices (as fuel costs would be
zero).
* Jobs: Within state energy production would create more jobs
than would be lost.
* Air pollution: Mortality would decrease by -4000 (1200-
7600) deaths/yr. Mortality costs would decline by $33 (10-
76) billion/yr (3% of NYSGDP)
* Emissions: NYS decrease alone would reduce 2050 U.S cli-
mate costs by -$3.2 billion/yr.
* Repayment: -17 years for the 271 GW installed power
needed, before accounting for electricity sales.
VI. CONCLUSIONS
Energy - food and fuel (minerals and water) - is critical to the
growth and maintenance of societies; the larger and more compli-
cated the society, the more important is the ever increasing, relia-
ble, cheap supply. Fuel energy is divided into red, brown, and
green sources.
Green energy, heat used locally, and electricity for local and
distributed use, the transition dynamic, is the preferred approach.
Introduced broadly and rapidly, it would obviate the need for any
CCS effort and would reduce the transition fuel alternative.
Red fuel, nuclear fission, presents high costs, long approval
timelines, careful oversight, pollution dangers, spent fuel disposal
issues, high anxiety, and terrorist risks that increase dramatically
with broader use. Per our assessment, it is unlikely that red energy
42. Dr. Michael Trachtenberg (created for use herein and deriving
underlying data from Jacobson et al., supra note 40).
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has a meaningful or increasing role in the future; rather as old
plants age, they will be retired.
Brown fuels, those that release GHG and other pollutants, have
been in use since the beginning of civilization, but have been par-
ticularly developed and refined over the last two hundred and fifty
years. They are divisible into two categories - fossil and current.
Because of their availability, apparent low cost, extensive experi-
ence base, and energy density, they provide near-term advantages,
but these come with near-term and long-term costs that greatly ex-
ceed their gains.
The ethical electron derives from sources that burden the envi-
ronment least.
The most effective, straightforward, and rapid way to achieve
the transition dynamic is to impose a carbon tax, use some of the
funds for a green subsidy, and install a feed-forward tariff in favor of
green generated energy. The benefits illustrated by Jacobson et al.
will more than pay for the change by reducing subsidies and
externalities. 4 3
43. SeeJacobson et al., supra note 40 and accompanying text.
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